Smooth pursuit eye movement (SPEM) and antisaccade deficits are observed in the schizophrenia spectrum and have been used to study the pathophysiology as well as the genetic basis of this condition. The neurotransmitter acetylcholine has been implicated in a number of cognitive processes thought to underlie SPEM and antisaccade performance. This study investigates effects on eye movements of procyclidine, an anticholinergic drug often administered to schizophrenic patients. A total of 13 patients completed a double-blind placebo-controlled crossover design, receiving 15 mg procyclidine and placebo. Seven participants received procyclidine first and placebo second, six participants were tested in the reverse order. SPEM and antisaccade (as well as fixation and prosaccade) eye movements were recorded using infrared oculography. Results showed that procyclidine overall, relative to placebo, mildly worsened SPEM performance, as indicated by nonsignificantly reduced gain (p ¼ 0.08) and increased frequency of intrusive anticipatory saccades during pursuit (p ¼ 0.06). A significant interaction of group and order of administration indicated that procyclidine increased the rate of antisaccade reflexive errors only when administered first; the opposite pattern was observed when placebo was administered first, likely due to the operation of practice effects at second assessment. These findings indicate that acute administration of a clinically relevant dose of procyclidine leads to mild impairments in eye movement performance in schizophrenic patients, suggesting the need to consider this compound in oculomotor studies in schizophrenia. The action of this anticholinergic drug on oculomotor performance is consistent with the hypothesized role of the cholinergic system in the cognitive mechanisms of attention and working memory, processes thought to underlie SPEM and antisaccade performance. Effects of order of administration and practice on the antisaccade task suggest that these factors need to be taken into consideration in future pharmacological studies.
INTRODUCTION

Procyclidine
(1-cyclohexyl-1-phenyl-3-(pyrrolidin-1-yl)-propan-1-ol hydrochloride) is a synthetic anticholinergic agent (Whiteman et al, 1985) . While previously used in the treatment of Parkinson's disease (Brocks, 1999) , it is now most commonly administered to schizophrenic patients in order to alleviate antipsychotic-induced side effects (Mindham et al, 1977; Spohn and Strauss, 1989) .
Central cholinergic projections are extremely diffuse. The key pathways arise from cholinergic neurons in the midand hindbrain, such as the nucleus basalis magnocellularis of Meynert, and project onto cortical neurons (Deutch and Roth, 1999) . Procyclidine primarily antagonizes muscarinic (M) receptors M1, M2, and M4, of which M1 and M4 are diffusely distributed throughout the brain; M2 is the heart isoform of the receptor and is not widely found in other organs (Waxham, 1999) . Procyclidine also acts, less strongly, on N-methyl-D-aspartate (NMDA) glutamine and nicotinic acetylcholine receptors (Whiteman et al, 1985) .
The neurotransmitter acetylcholine has been implicated in cognition. Both animal and human studies have demonstrated a role of central cholinergic systems in memory, attention, and learning (Everitt and Robbins, 1997; Francis et al, 1999; McGaughy et al, 2000) . The role of acetylcholine in cognition is also compatible with the cognitive degeneration observed in Alzheimer's disease, a condition with known pathology of basal forebrain cholinergic neurons (Francis et al, 1999) . Given this evidence, as well as the evidence of cognitive dysfunction in schizophrenia (Sharma and Harvey, 2000) , it is of particular interest to study the effects of clinical doses of anticholinergic compounds such as procyclidine on cognition.
Recently, Kumari et al (2001) observed disrupted prepulse inhibition (PPI) in healthy individuals after administration of 15 mg (but not 10 mg) of procyclidine. PPI is an operational measure of sensorimotor gating that has been shown to be impaired in schizophrenia (Braff et al, 2001; Kumari, 2000; Swerdlow et al, 2000) . Zachariah et al (2002) observed impairments on a variety of cognitive tests in healthy individuals after procyclidine administration. Sharma et al (2002) found reduced heart rate and alertness (assessed using the critical flicker fusion threshold paradigm) after 15 mg (but not 10 mg) of procyclidine in healthy individuals. Taken together, these reports suggest that procyclidine dose dependently impairs neurocognitive function and reduces alertness in healthy individuals. Relatedly, Mori et al (2002) observed improvements in memory and increases in regional cerebral blood flow in schizophrenic patients after withdrawal from anticholinergic treatment, whereas Kumari et al (2003) observed detrimental effects of acute administration of 15 mg procyclidine on PPI in this population.
Eye movements are good indicators of neurocognitive function that have been used to study the pathophysiology of schizophrenia and other neuropsychiatric disorders (Broerse et al, 2001; Kennard et al, 1994; Ross, 2000) . Additionally, certain eye movement deficits have been proposed to be schizophrenia spectrum endophenotypes. An endophenotype is a biological or behavioral deficit thought to be a more direct expression of a disease gene than the disease phenotype. Endophenotypes have been used with profit in genetic linkage analyses where the disease phenotype failed to show linkage (Leboyer et al, 1998) . The most promising oculomotor endophenotypes for schizophrenia are smooth pursuit eye movement (SPEM) and antisaccade deficits. In the SPEM task, the participant is required to follow, with their eyes, a slowly moving visual target. In the antisaccade task, the participant is required to initiate an abrupt, saccadic eye movement in the opposite direction to that of the visual target. Both tasks meet a number of reliability and validity criteria for being useful measures of schizophrenia endophenotypes: schizophrenic patients and their unaffected first-degree relatives as well as individuals with schizotypal signs and symptoms show reduced SPEM accuracy and increased antisaccade errors (viz reflexive glances to the target) (Calkins and Iacono, 2000; Clementz, 1998; Levy et al, 1994) .
Studies of the cognitive component processes of SPEM and antisaccade performance have suggested that task performance relies on recruitment of overt and covert attention (Kristjánsson et al, 2001; Roitman et al, 1997; Schwartz et al, 2001; Sweeney et al, 1994) as well as response inhibition and working memory (Mitchell et al, 2002; Roberts et al, 1994; Stuyven et al, 2000) . All these processes are likely to be at least partly mediated by central cholinergic pathways (McGaughy et al, 2000) . A recent study showed that both SPEM and antisaccade performance improved with the administration of nicotine in schizophrenic patients and healthy controls, likely due to cholinergic mechanisms (Dépatie et al, 2002) . Given the disruptive effects of anticholinergics on some of the cognitive processes hypothesized to mediate successful SPEM and antisaccade performance, it is important to determine the effects of anticholinergic agents on these oculomotor measures.
The present study is the first to investigate the acute effects of an anticholinergic drug on oculomotor control in people with schizophrenia. Oculomotor tasks are an ideal tool for probing the effects of an anticholinergic drug on neurocognitive function, as they allow the precise and objective assessment of specific cognitive component processes. People with schizophrenia are an important population for such an investigation, as (1) a proportion of them are prescribed anticholinergic compounds and (2) they display relatively circumscribed deficits in oculomotor function.
We, therefore, aimed to quantify the effects of acute procyclidine administration on SPEM and antisaccade measures (as well as the oculomotor control tasks of visual fixation and prosaccade) in a sample of schizophrenic patients using a double-blind, placebo-controlled crossover design. Given the role of the cholinergic system in the cognitive processes implicated in smooth pursuit and antisaccade eye movements, impaired performance was hypothesized after administration of procyclidine but not placebo. Additionally, given the observation of practice effects on antisaccades in previous pharmacological studies (Green et al, 2000; Klein et al, 2002) , we investigated whether oculomotor performance was affected by procyclidine as a function of drug administration order.
METHOD Participants
A total of 15 patients with a DSM-IV diagnosis of schizophrenia were recruited into the study. Two of these refused second assessment, thus leaving a final sample size of 13 patients (seven males, six females; mean age ¼ 35.54; SD ¼ 11.59). All patients were treated with one of two atypical drugs with low intrinsic anticholinergic properties, viz. risperidone or quetiapine. Five patients were on quetiapine (dose range: 100-300 mg daily) and eight were on risperidone (dose range: 2-6 mg daily). Patients were not on any anticholinergic medication for at least 6 months prior to taking part in the study, although six patients had been prescribed procyclidine in the past. All patients were required to have stable symptoms for at least 1 month before taking part in the study and reported to be free from drug abuse. Diagnoses were established 1 week before the first oculomotor assessment using the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders (SCID) (First et al, 1996) and current symptoms were rated using the Positive and Negative Syndrome Scale (PANSS) (Kay et al, 1987) .
All patients provided written consent after detailed explanations of the study procedures had been given to them. The study was approved by the Ethics Committee of the Institute of Psychiatry, London.
Eye Movement Tasks
Stimuli were displayed on a 17-in monitor. A white target of circular shape (approximately 0.31 of visual angle) was presented on a black background. Participants sat in a comfortable chair at a distance of 57 cm from the monitor. Head movements were minimized using a chinrest. Testing took place in a quiet, darkened room. A three-point calibration task (+12, 0, À121; each stimulus Procyclidine and eye movements U Ettinger et al duration ¼ 1000 ms) was carried out before each of the following tasks. Tasks were administered in the following order: fixation, antisaccade, prosaccade, smooth pursuit.
Smooth Pursuit
A triangular target waveform was used at 12, 24, 36, and 481/s. The target was initially placed in the central position (01) and then moved horizontally to 7 121, where it reversed abruptly and moved to the opposite side. The direction of the first ramp was random (right or left). The first ramp (from 0 to 7 121) was considered practice and was not analyzed. A total of 16.5 half-cycles were run at each target velocity. Participants were instructed to keep their eyes on the target wherever it moved.
Fixation
The target remained stationary in each target location ( 7 12, 0, 7 12, 01) for durations of 20 s. Participants were instructed to focus their gaze on the target as accurately as possible. Data from one patient (on procyclidine) could not be collected due to lack of compliance. Data from a different patient (on placebo) were not usable due to data storage error.
Antisaccade
An antisaccade trial began with the target in the central location for a random duration of 1000-2000 ms. The target then stepped to one of four peripheral locations ( 7 6, 7 121) where it remained for 1000 ms. Each peripheral location was used 15 times, resulting in a total of 60 trials. The sequence of peripheral target presentations was random. Four practice trials using each target location once were carried out before the experimental trials and could be repeated if necessary. Participants were instructed to look at the target while in the central position and redirect their gaze to the exact mirror image location of the target as soon as it moved to the side. Data from one patient (on procyclidine) could not be collected due to lack of compliance.
Prosaccade
The prosaccade task was identical to the antisaccade task. However, on this occasion participants were instructed to follow the target as quickly and accurately as possible.
Eye Movement Recording
Eye movements were recorded using infrared oculography (IRIS model 6500; Skalar Medical BV, Delft, The Netherlands) (Reulen et al, 1988) . Horizontal recordings with the IRIS system can be made within a range of 7 301. The linearity of the system lies within 3% between 7 251 of horizontal recordings. Recordings were taken from the left eye only. Eye and target positions were logged by the eyetracker. Signals were converted from analogue to digital by a four-channel analogue-to-digital converter card with 12 bits resolution per channel and a sampling frequency of 500 Hz. Data were saved onto hard disk for further analysis.
Eye Movement Analysis
The purpose-written software package EYEMAP (Version 2.1; AMTech GmbH, Weinheim, Germany) (see, eg Crawford et al, 1998; Lencer et al, 1999) was used for analysis of eye movement data. Inter-and intrarater reliabilities for analyses with EYEMAP in our laboratory were high for the measures reported below, ranging from r ¼ 0.85 to 0.99. Data were scored blind to drug and group status. Eye-blinks in all tasks were identified by visual inspection of position and velocity charts. The oculomotor tasks used here have very good temporal stability and internal consistency (Ettinger et al, 2003) .
Smooth Pursuit
SPEM data were smoothed twice using a five-point central averaging filter. The key performance measure of pursuit gain was obtained by dividing eye velocity by target velocity at mid-cycle, steady-state pursuit for each half-cycle; scores were averaged across half-cycles for each target velocity. Saccades during pursuit were counted on the basis of a criterion of minimum amplitude (1.51) and velocity (301/s). The velocity criterion allowed the detection of a saccade if its velocity exceeded (by 301/s) the average velocity of the preceding 50 ms. Anticipatory saccades (AS) were defined as intrusive saccades in the target direction that took the eye ahead of the target. AS were followed either by slowing or cessation of pursuit. Following Ross et al (1999b) , AS were included on the basis of a small minimum amplitude criterion (1.51). Catch-up saccades (CUS) were defined as compensatory saccades in the target direction that served to reduce position error, that is, to bring the eye closer to the target. CUS always began with the eye behind the target. If a saccade was initiated behind the target and ended ahead of it, it was classified as an AS if more than half of the amplitude moved the eye ahead of the target. If more than half of the amplitude was spent behind the target, that is, reducing position error, the saccade was considered a CUS (Ross et al, 1999a) . The number of AS and CUS was counted for each velocity and divided by the duration of pursuit, to yield measures of saccadic frequency (N/s).
Back-up saccades and square-wave jerks were also observed, but occurred infrequently and were therefore omitted from statistical analysis. Previous studies have suggested that these types of saccades are not consistently affected in the schizophrenia spectrum (Clementz et al, 1990; Lencer et al, 1999; Radant and Hommer, 1992) .
Fixation
Visual fixation performance was assessed by calculating the frequency of saccades (N/s) based on the criteria of minimum amplitude (1.51) and minimum velocity (301/s).
Antisaccade
Detection of saccades was based on the above criteria of minimum amplitude and velocity as well as a minimum latency to target of 100 ms. Saccades that were preceded immediately by an eye-blink, another saccade (such as a square-wave jerk), or unstable fixation were not included in this analysis; however, these events were rare.
Antisaccade errors were counted when the participant initiated a primary saccade towards the peripheral target; a correct antisaccade trial was counted when the participant performed a primary saccade in opposite direction to the peripheral target. The error rate reflects the percentage of error trials over the total number of valid antisaccade trials (excluding, eg eye-blink trials). A corrective saccade was counted when an error was followed by a saccade in the opposite direction. Antisaccade latency was defined as the time (in milliseconds) from target appearance to saccade initiation of correct trials. Primary antisaccade gain (antisaccade amplitude divided by target amplitude multiplied by 100) was calculated as a measure of spatial accuracy (%).
Prosaccade
Prosaccade gain (%) and latency (milliseconds) were calculated based on the above criteria.
Drug Dose and Administration
Participants were administered oral 15 mg procyclidine or a placebo (200 mg ascorbic acid) of identical appearance on two occasions under double-blind conditions. Intervals between assessments ranged between 10 and 14 days. Participants were quasi-randomly assigned to one of two orders of drug administration: Seven participants received procyclidine first and placebo second (Group 1); six participants were assessed in the reverse order (Group 2). All patients received placebo or procyclidine between 0900 and 1145 (kept constant for each participant within 7 30 min across both sessions) to control for effects of time of day on drug metabolism. A dose of 15 mg procyclidine was deemed appropriate as it was clinically relevant and has been shown to affect central nervous system processing in healthy individuals in the absence of severe side effects (Kumari et al, 2001; Sharma et al, 2002; Zachariah et al, 2002) .
Eye movements were assessed between 4 and 5 h postdrug administration, after the administration of other cognitive tasks not reported here. This postadministration duration is well within the plasma elimination half-life of procyclidine of 12 h (Whiteman et al, 1985) . A previous study showed that this duration provided near-maximal plasma concentration of orally administered procyclidine (Whiteman et al, 1985) . A self-rating measure of alertness/sedation was taken shortly before drug administration and shortly before or after eye movement assessment. This measure was a 100 mm visual analogue scale, ranging from 'alert' to 'drowsy' (Bond and Lader, 1974) .
Statistical Analysis
Statistical analyses were carried out using SPSS Release 10.0.7 (SPSS Inc., Chicago, IL). A number of oculomotor variables were slightly skewed. However, as both positive (o1.63) and negative (4À1.37) skewness values were only moderate and no obvious outliers were observed, these distributions were not considered to be a significant challenge to the normality assumption of the parametric statistical analyses reported below.
Groups 1 (procyclidine first) and 2 (placebo first) were compared on PANSS ratings and age using analysis of variance (ANOVA).
Each SPEM variable (gain, AS, CUS) was analyzed using a 2 Â 4 Â 2 repeated measures ANOVA with drug (procyclidine, placebo) and velocity (12, 24, 36, 481/s) as withinsubjects factors and order (procyclidine first, placebo first) as between-subjects factor. Each saccadic and fixation variable was analyzed using a 2 Â 2 repeated measures ANOVA with drug (procyclidine, placebo) as withinsubjects factor and order (procyclidine first, placebo first) as between-subjects factor.
Effect sizes for within-group comparisons of treatment effects were calculated using the formula m 1 Àm 2 /SD diff where m 1 is the mean of variable 1 (on procyclidine), m 2 the mean of variable 2 (on placebo), and SD diff the standard deviation of the difference scores.
To assess the effects of drug on alertness at the time of eye movement assessment, a 2 Â 2 Â 2 repeated measures ANOVA was carried out with time (baseline, eye movement assessment) and drug (procyclidine, placebo) as withinsubjects factors and order (procyclidine first, placebo first) as between-subjects factor.
RESULTS
Descriptive statistics of oculomotor variables are given in Table 1 ; ANOVA results are given in There were no velocity Â order (all p40.08) or velocity Â order Â drug interactions (all p40.14). The two groups (Group 1, Group 2) did not differ on age (p ¼ 0.85) or PANSS ratings (all p40.37).
There were no effects of sex (all p40.07) on oculomotor performance. Age was correlated with antisaccade gain on drug (r ¼ 0.69; p ¼ 0.01), antisaccade latency on placebo (r ¼ 0.69; p ¼ 0.009), prosaccade latency on drug (r ¼ 0.81; p ¼ 0.001), CUS frequency on placebo (r ¼ 0.59; p ¼ 0.04), and SPEM gain on placebo at 481/s (r ¼ À0.58; p ¼ 0.04), but not at other velocities or during administration of procyclidine (all p40.06). Difference scores between performance on procyclidine and placebo were then calculated in order to investigate the association between age and the effects of drug on performance: age was not correlated with drug-induced changes on any dependent measures (all p40.09).
Effects of Procyclidine on SPEM and Fixation
There was a nonsignificant trend towards reduced SPEM gain with procyclidine compared to placebo (Figure 1 
there was no effect of order or order Â drug interaction on this variable (for F and p values see Table 2 ). A similar nonsignificant trend emerged for AS frequency, with an increased frequency after procyclidine compared to placebo. Additionally, there was a drug Â order interaction but no effect of order. The interaction indicates that AS frequency was increased by procyclidine when administered second (after placebo); when procyclidine was administered first (before placebo), the reverse pattern was observed. There were no significant main or interaction effects on CUS frequency or the frequency of saccades during fixation.
Effects of Procyclidine on Antisaccade and Prosaccade
Antisaccade gain scores were increased by procyclidine compared to placebo at trend level (Table 2) ; there was no effect of order or drug Â order interaction. There was a significant drug Â order interaction on antisaccade latency but no main effects of drug or order: Procyclidine was associated with shorter latencies when it was administered second. There was a significant drug Â order interaction, but no main effects of drug or order on antisaccade error rate: Procyclidine increased the error rate only when administered first (Figure 2) . There was a significant drug Â order interaction but no main effects of drug or order on prosaccade latency. Procyclidine was associated with shorter latency when administered second; the reverse pattern was observed when procyclidine was administered first. There were no main or interaction effects on prosaccade gain.
Effects of Procyclidine on Alertness
There were no effects of drug, time or order, or drug Â order, drug Â time, time Â order, or drug Â time Â order interactions on ratings of alertness (all pX0.09).
DISCUSSION
Key Findings
The key findings from this study are as follows: (1) In patients with schizophrenia, acute administration of procyclidine produced a nonsignificant trend towards worsened smooth pursuit. (2) The effects of procyclidine on some variables were affected by the order in which procyclidine and placebo were administered.
Effects of Procyclidine
Procyclidine nonsignificantly reduced the key smooth pursuit measure of velocity gain (ie the match of eye and target velocity). Additionally, procyclidine led to a nonsignificant overall increase in the frequency of intrusive AS during pursuit. It is possible that these effects could have reached conventional levels of statistical significance if a larger sample had been used.
As can be seen from Table 1 , reductions in SPEM gain with procyclidine reached effect sizes that ranged from small (À0.18) to large (À0.83), while at two target velocities (in the group receiving placebo first) small-to-moderate effects were observed in the opposite direction. When effect sizes were averaged across groups, gain reductions of small and moderate effect were observed. Similarly, effect sizes for AS frequency varied, with six of eight comparisons showing deterioration with procyclidine (0.38-0.75), while two comparisons showed an effect in the opposite direction. A significant interaction indicated that the effect of procyclidine on AS frequency appeared to be mediated by order of drug administration. Procyclidine led to a consistent increase in AS frequency when administered second, but a less consistent pattern was observed when procyclidine was administered first. The reasons for this interaction are unclear. It is important in this context, however, that the main effects of procyclidine on AS frequency were adverse, in line with the study's hypotheses, leading to a nonsignificant overall increase of this type of intrusive saccade. Similarly, while the aggregate effect of procyclidine on SPEM gain appeared to be detrimental, the possibility that effects of order of administration might have attained formal levels of statistical significance with a larger sample size cannot be excluded (see Figure 1) .
A possible explanation for these impairments in smooth pursuit performance during procyclidine administration might be the role of the cholinergic system in attention (Everitt and Robbins, 1997) . Previous studies have suggested that accurate smooth pursuit eye movements and suppression of intrusive AS require attentional processes (Roitman et al, 1997; Schwartz et al, 2001; Sweeney et al, 1994) . A likely consequence of the widespread antagonistic action of procyclidine at the M1 and M4 receptors across the entire brain is a reduction in the levels of attention (Coull, 1998) or cortical arousal (Sharma et al, 2002) . The lack of an effect of procyclidine on self-reported alertness/ drowsiness at the time of eye movement assessment suggests that this effect was centrally mediated.
Effects of target velocity on SPEM variables were consistent with previous research, indicating worse performance at faster velocities (Leigh and Zee, 1999) .
One methodological limitation of the current SPEM analysis method might be the minimum amplitude criterion that we chose for the detection of saccades in our semiautomated analysis (1.51), which was larger than in other studies. This conservative criterion was chosen to minimize the likelihood of artifacts due to the inclusions of small head movements that might occur during pursuit, especially in acutely medicated patients. Ross et al (1999b) have stressed the importance of this issue with respect to small anticipatory, or 'leading', saccades. The use of a smaller amplitude criterion (eg 0.51) in our study would certainly have led to the inclusion of a greater number of saccades during pursuit. However, it is highly unlikely that this factor accounted for the (nonsignificant) effects of drug or the (significant) group by drug interactions reported Procyclidine and eye movements U Ettinger et al here, particularly given that drug effects have been shown to be more pronounced for larger amplitude saccades (Carpenter, 1988 ). On the antisaccade task, procyclidine adversely affected the key performance measure of error rate when administered first. When administered second, procyclidine appeared to have a weaker effect in the opposite direction. To explain this pattern of performance, both pharmacological and practice effects have to be considered.
It is a possibility that in the group receiving placebo first, performance at first assessment was slightly impaired due to psychological factors, such as the expectancy to receive a performance-impairing compound (Beecher, 1959) . Participants were aware that they would on one occasion receive a compound that could have detrimental effects on their cognitive function. At the time of the second assessment (during procyclidine in this group), practice effects on antisaccade error rate might be expected (Green et al, 2000; Klein et al, 2002) . Indeed, the overall pattern of reductions in error rate from the first to second assessment in Figure 2 is compatible with the operation of practice effects. However, the participants who first received the placebo would be expected to have experienced only a small practice-related reduction in error rate since the procyclidine administered at the second assessment would be expected to have an inverse effect on performance. This hypothesized pattern of effects might explain the observation of a small reduction in error rate from the first to the second assessment in this group.
In participants receiving procyclidine at first assessment, similar factors (of psychopharmacological effects and practice) may be drawn upon to explain the observed change in error rate across the two assessments. First, the adverse effects of procyclidine at first assessment (in the possible presence of expectancy effects) might have led to the substantially increased error rate in this group (56.49%), the highest observed in this study. Second, practice effects can be expected to have led to reductions in error rate at second assessment. These expected improvements were likely to have been further strengthened by the absence of performance-impairing pharmacological effects at second assessment. In other words, the reductions in error rate from the first to the second assessment may reflect in this instance synergistic pharmacological and practice effects.
It should be noted that on most antisaccade error trials (on average 490%) participants initiated a corrective saccade (in the opposite direction). This observation can be taken to indicate that participants understood the task requirements and were compliant (McDowell and Clementz, 1997) .
A notable feature of the current study in the context of practice effects is that all patients were treated with atypical antipsychotic drugs. Previous research has demonstrated that practice effects on cognitive tasks may be observed in patients treated with atypical, but to a lesser extent typical, antipsychotics, probably due to the effects of atypical antipsychotics on restoring patients' capacity to learn .
A similar interaction of drug and order of administration on antisaccade error rate, probably due to practice effects, was observed by Klein et al (2002) . In their study of individuals with attention-deficit/hyperactivity disorder (ADHD), methylphenidate improved antisaccade errors only when administered second, with the improvement overlaid by practice effects. When administered first, the operation of practice effects at second assessment probably masked improvements effected by this compound at first assessment. In contrast to the present data pertaining to the antisaccade error rate, however, the Klein et al study also reported significant main effects of drug, possibly due to a larger sample size or factors related to the strength of the pharmacological effect.
In order to investigate effects of practice more comprehensively, the present study as well as Klein et al (2002) study should have included a third group of participants, given placebo on both occasions. In such a design, the magnitude of practice effects could have been assessed in the absence of any influence of pharmacological agents.
It is of interest to note that evidence of practice-related performance changes between sessions was obtained in this study primarily for the antisaccade but not consistently for SPEM variables (see Table 1 ). Previous studies have shown temporally stable SPEM performance in schizophrenic patients and healthy individuals in the absence of between-session improvements (Gooding et al, 1994) . We have recently demonstrated robust practice effects on antisaccade, but not SPEM measures in healthy individuals over a period of about 2 months (Ettinger et al, 2003) .
The possibility of increases in antisaccade error rate due to procyclidine administration is in accord with the role of a variety of cognitive processes in task performance and the role of the cholinergic system in these processes. Previous studies have shown that successful antisaccade performance requires intact inhibition of a prepotent response as well as working memory capacities (Mitchell et al, 2002; Roberts et al, 1994; Stuyven et al, 2000) . Conversely, animal studies have shown disrupted performance on memory-sensitive tasks after inactivation of cholinergic projections (Everitt and Robbins, 1997; McGaughy et al, 2000) . Antisaccade performance and working memory both involve a cortical network including, but not restricted to, the dorsolateral prefrontal cortex (Mitchell et al, 2002; Müri et al, 1998) , suggesting that this area might be a possible locus for the action of procyclidine and its effects on task performance. However, neuroanatomic localization of procyclidine effects on antisaccade errors in this study is made difficult by the widespread nature of central cholinergic projections and the widely distributed occurrence of muscarinic acetylcholine receptors in the human brain.
Procyclidine also led to nonsignificantly increased, or hypermetric, antisaccade gain irrespective of the order of administration. Reduced, or hypometric, saccadic gain has been observed in schizophrenic patients treated with typical antipsychotic drugs as well as in patients with Parkinson's disease, suggesting a common influence of the Parkinsonian effects of dopamine antagonism (Crawford et al, 1989 (Crawford et al, , 1995a Hutton et al, 2001) . It is a possibility that procyclidine administration led to the opposite pattern of increased saccadic amplitudes in this sample through its antagonist action on Parkinsonian side effects.
Effects of procyclidine on saccadic latency were moderated by the order of drug administration. Both prosaccade and antisaccade latencies were shorter with procyclidine when the drug was administered second. The opposite pattern was observed when procyclidine was administered first. Aizawa et al (1999) noted shortened latency and increased frequency of 'express saccades' (saccades with latencies of less than 120 ms) in monkeys after injection of the cholinergic agonist nicotine into the superior colliculus, a midbrain region involved in the control of saccades. The finding of prolonged latency after administration of the cholinergic antagonist procyclidine under some conditions are compatible with this finding and with observations of the sedative effects of this drug (Sharma et al, 2002) . However, it remains unclear why prosaccade and antisaccade latencies were shortened by procyclidine under some conditions. Also, comparisons between the present findings and those of Aizawa et al (1999) are tenuous as procyclidine and nicotine act on different acetylcholine receptor subtypes and due to the localized action of nicotine in the Aizawa et al study.
An alternative explanation for these complex effects of procyclidine and placebo on saccadic latency is the operation of practice effects. As Table 1 reveals, both antisaccade and prosaccade latencies were shorter at the second compared to the first assessment. These improvements in performance are similar to those reported by Klein et al (2002) over a comparable time interval.
Implications
Our findings have research and clinical implications. First, oculomotor impairments in schizophrenic patients due to procyclidine might lead to inflated between-group differences when compared to unmedicated individuals. Procyclidine might also confound studies of different antipsychotic compounds, as it is more likely to be prescribed to patients on typical antipsychotics (Leonard, 1997) . However, longitudinal studies are needed to substantiate this claim.
Smooth pursuit and antisaccade deficits have been proposed as schizophrenia endophenotypes (Clementz, 1998; Levy et al, 1994; O'Driscoll et al, 1998) . The present findings suggest that procyclidine should be considered in genetic studies using these endophenotypes. In linkage studies, performance impairments due to procyclidine treatment in some patients might lead to the spurious identification of gene carriers (false positives). False positives have serious effects in linkage studies, far more than false negatives (Ott, 1991) . It is important to note in this context, however, that the observation of false positives would be specific to the group of schizophrenic patients, as their unaffected first-degree relatives are typically not medicated.
The second main finding of this study, the interactive effects of drug and order of administration, highlights the need to consider these factors in pharmacological research. Additionally, effects of repeated testing were demonstrated for some eye movement parameters; these effects, possibly due to task practice, may have overlaid drug effects. Future pharmacological studies should consider practice effects as well as the order of drug administration.
Clinically, cognitive dysfunction is one of the most pervasive and debilitating features of schizophrenia (Friedman et al, 1999; Sharma and Harvey, 2000) and plays an important role in the psychosocial function of sufferers Katsanis et al, 1996; Kurtz et al, 2001; Spaulding et al, 1999) . Adjunctive treatment with anticholinergic agents needs to be evaluated in light of possible neurocognitive impairments, as it may lead to further, unwanted deleterious effects on psychological function.
Limitations
The present study has a number of limitations. First, the sample size, although comparable to previous pharmacological studies, was relatively small. The sample size and low statistical power might also be the reason why some of the effects reported here (eg the main effects of drug on SPEM gain) failed to reach conventional levels of statistical significance. Replication using a larger, independent sample is, therefore, required. However, the fact that even in this small sample mild effects of a clinical dose of procyclidine on oculomotor function were observed indicates that they are likely to be clinically meaningful.
Second, there was no control group of healthy individuals. While the main focus of this investigation was to examine the effects of a clinical dose of procyclidine on eye movements in schizophrenic patients, who are often prescribed this drug, it might have been valuable to compare performance levels of the patient group to healthy individuals.
In order to obtain an indication of performance levels of healthy controls on the oculomotor tasks used here it may be valuable to inspect data reported by Ettinger et al (2003) . Group means of their nonclinical sample for the key measures of SPEM gain (121/s: 98.60%, SD ¼ 8.09; 241/s: 95.32%, SD ¼ 10.58; 361/s: 89.59%, SD ¼ 9.03; 481/s: 71.85%, SD ¼ 16.00) and antisaccade error rate (20.90%, SD ¼ 15.14) indicate that the current patient sample, as might be expected, performed worse than healthy individuals. However, a formal statistical comparison of these two groups cannot be made due to differences in important demographic variables, and as patients in this study were administered drug/placebo, whereas participants in our previous study were not.
Third, a group of schizophrenic patients administered placebo on both occasions might have been valuable to study the effects of practice on performance measures more closely.
Fourth, future studies might wish to investigate the effects of higher doses of procyclidine on oculomotor function. While our choice of a 15 mg dose of procyclidine was based on clinical and pharmacological considerations (Whiteman et al, 1985) as well as our previous findings, which suggested that this dose was more disruptive than 10 mg (Kumari et al, 2001; Sharma et al, 2002; Zachariah et al, 2002) , it is possible that a higher dose might have led to stronger effects on oculomotor function than those observed here.
Finally, the extent to which these findings generalize to longitudinal treatment of schizophrenic patients with procyclidine remains open. It has to be investigated how clinically relevant treatment with procyclidine over durations of several weeks or months affects smooth pursuit and antisaccade eye movements in schizophrenic patients.
